A proper modeling of the long-run behavior of energy and oil intensities is crucial in many respects. This paper aims at checking whether this long-run behavior should be modelled as a deterministic or a stochastic trend or both. We first apply a test for a deterministic trend robust to uncertainty about the stochastic trend. Our results indicate that, for the period 1960-2004, energy intensities of only 8 OECD countries out of 25 include a negative deterministic trend, 3 include a positive one and 14 seem to be better modelled by a stochastic trend only. When considering a sample of 73 non-OECD countries on the period 1971-2004, we show that only 22 exhibit a deterministic trend (negative for 15 countries and positive for 7 countries). A similar analysis for oil intensity leads to reject the hypothesis of an insignificant deterministic trend for 7 OECD countries out of 23 for the period 1965-2004 and 11 non-OECD countries out of 40 for the period 1971-2004. In the next step, we apply standard unit root tests and find that the unit root hypothesis is not very often rejected. We conclude that a main feature of energy intensities is the presence of a stochastic trend.
Introduction
The decrease in energy intensity is a widely-accepted hypothesis in the energy literature. Intuitively, technology improvements as well as economies less oriented towards industrial activities should lead to a decrease in energy consumption by unit of GDP. Amazingly, this hypothesis has not been formally tested to the best of our knowledge. This note relies on a recent robust and powerful test of the trend hypothesis developed in Harvey et al. (2007) (HLT hereafter) to investigate the behavior of energy intensities. Our empirical results indicate that the set of countries which have a significant negative deterministic trend is limited. Most energy intensities have a stochastic trend.
To date, apart from the very active field of energy intensity decomposition, economic literature has most focused on the issue of convergence of these intensities. Some papers have examined this issue by comparing energy intensities of economically developed and less developed countries (Miketa, 2001; Alcantara and Duro, 2004) . Other contributions have conducted a formal convergence analysis using different methods from the growth literature (Mielnik and Goldemberg, 2000; Markandya et al., 2006; Miketa and Mulder, 2005; Mulder and De Groot, 2007; Cornillie and Fankhauser, 2004) . More recent papers by Ezcurra (2007) and Le Pen and Sévi (forthcoming) are noteworthy because they abstract from any benchmark country for the analysis of convergence.
Time series econometrics tells us that deterministic and stochastic trends have very different implications on the way energy intensities should be handled in econometric modeling and how forecast on their expected values should be conducted. Clements and Hendry (2001) compare the forecasting performances of the difference stationary (DS) model, applied to non-stationary variables, with the trend stationary (TS) model. When there is no uncertainty about the true data generating process (DGP) and its parameters, the forecast-error variances of the DS model grows linearly with the forecast horizon, while it is bounded for the trend stationary models. In case of uncertainty about the true DGP and its parameters, forecasts based on the model corresponding to the true DGP are more accurate particularly when the number of observations is high compared to the forecast horizon. Therefore, a correct specification of the DGP is of interest especially when the forecast horizon is close.
An additional difficulty is that tests for a deterministic or a stochastic trend will be affected by a misspecification of the other trend component, if any. To solve this difficulty, we use a test for a linear deterministic trend recently developed in HLT (2007) . Their motivation for developing this test comes from the fact, discussed above, that efficient test for a deterministic trend change as there is a stochastic trend or not. HLT (2007) define a test for a deterministic trend robust to uncertainty concerning the stochastic component. This test can be applied as a pretest before the application of a unit root test.
Our findings may have implications for the interpretation of results from macroeconomic structural VAR-type models aiming at examining the impact of energy price shocks on the economy. Such specifications are developed in, among others, Blanchard and Galí (2008) , Kilian (2008a,b and 2009) . In a survey of this literature, Kilian (2009) indicates a significant decline in the impact of energy price shocks mainly for oil shocks and mainly for demand shocks. Edelstein and Kilian (2009) conduct a similar analysis about the impact of energy shocks on the consumption level of US citizens. From a macroeconomic point of view, the energy intensity gives some insight on the sensitivity of an economy to energy price shocks, for instance oil price shock. Thus, an explanation for these findings is the "declining share of energy in consumption in the late 1980s and 1990s" (Blanchard and Galí, 2008) . In this note, we provide evidence that in any case, the decreasing energy intensity hypothesis has to be taken with care. If true for the US, it may not be accounted for when explaining the limited impact of recent energy shocks as the one of 2003 for other countries, including OECD countries.
The existence and estimation of a trend in energy intensity also have significant implications for forecasting as well as for feasible target computation. Given the need to reduce the CO 2 emissions at a global level, the energy intensity appears as a suitable control variable as it can be itself controlled through fiscal incentives. But it remains a difficult task to determine national targets which can be either in volume or in intensity. Recently, Kolstad (2005) has highlighted the superiority of intensity-based targets. If so, a better knowledge of the current trend in energy intensity is of central importance for target determination. In the same vein, knowledge of a trend has an impact on energy policy particularly in terms of innovations. Using numerical models, such as WITCH, some authors (Bosetti et al., 2008 (Bosetti et al., , 2009 ) provide a useful analysis of R&D policy able to stimulate energy-efficient technologies. For these authors, investment in R&D and R&D spillovers has to be developed hugely. This has higher practical applications when trends followed by energy intensities are well identified.
Our results may be summarized as follows. For the major part of OECD and non-OECD countries during the last 40 or 30 years, depending on the variable of interest, the energy and oil intensities are better modelled with a stochastic trend. Indeed, evidence of deterministic decreasing trend in energy and oil intensities is limited to a small set of countries. A possible explanation for our results could be drawn from Castellanos Silveria and Luken (2008) , who showed that decoupling (between energy use and value added) has not occurred during the 1990-2004 period.
At this point, it may be noted that our work does not investigate why there are some differences between some countries in terms of energy intensity or energy intensity trend. This issue is well documented in the energy economics literature and is beyond the scope of the present paper.
1 Rather, our choice is to focus on trend measurement with the implications detailed above. The paper is organized as follows. The next section shortly introduces the methodology. The following section presents our results and Section 4 concludes.
2. Testing for a deterministic trend when the series are I(1) or I(0)
It is well known, at least since Perron (1988) , that testing for a unit root requires a correct specification of the deterministic component in a time series. For instance, the power of unit root tests is significantly reduced when an unnecessary trend is including while the KPSS test (Kwiatkowski et al., 1992) diverges if a deterministic trend is omitted. The problem becomes more complex as tests for a deterministic trend will change as the series contains a unit root or not. Suppose a sample {y t } t = 1 T of T observations on y t and consider the general case where y t is the sum of a deterministic and a stochastic components:
where β measures the slope of the deterministic trend 2 , u t is a random variable whose behavior depends on the value of its first-order autocorrelation coefficient ρ, t is a stationary random variable, with possible autocorrelation.
When |ρ| b 1, u t and y t are stationary series I(0). Stochastic shocks have only a transitory effect on y t . The null hypothesis H 0 : β=β 0 , that the slope of the deterministic trend is equal to β 0 , can be tested with the usual
, where β̂is the OLS estimator of β in regression (1). If ρ = 1, u t is a random walk and y t is I(1), so that differencing yields a stationary series. Stochastic shocks now have a permanent effect on y t . In this case, the optimal test of H 0 will be based on the t-test z 1 =β
where β̃is the OLS estimator of β in the regression in the first difference:
To cancel the effect of the autocorrelation of t , we use nonparametrical estimates 3 of the long-run variances ω u 2 and ω v 2 to compute the asymptotic standard errors
, with T ⁎ = T − 1, of both t-stat z 0 and z 1 .
HLT (2007) extend methodologies first developed by Vogelsang (1998) and Bunzel and Vogelsang (2005) . They define the statistic z λ as a weighted average of z 0 and z 1 :
where λ(U,S) is a function on [0,1] which depends on two test statistics U and S such as: (i) if u t is I(0), U diverges but not S and (ii) if u t is I(1), S diverges but not U. bda(U,S) should therefore converges to 0 in probability, when u t is I(0), whereas it converges to 1 in probability when it is I(1).
We apply HLT (2007) (1996) and S = ητ is the KPSS statistics for stationarity around a deterministic trend. Under the null hypothesis H 0 , z λ follows a normal limiting distribution. HLT (2007) indicates that Monte Carlo simulations show that this statistics exhibits the best finite sample size/power compromise. The authors also propose a consistent and asymptotically efficient estimator β̂λ of the trend parameter defined as:
ð1 À λðU; SÞÞβs 1 + λðU; SÞβs 0 ð1 À λðU; SÞÞs 1 + λðU; SÞs 0 :
An approximate (1 − α)% two-sided interval for β is given by:
À λðU; SÞÞs 1 + λðU; SÞs 0 1 More on this point in the conclusion. 2 Note that in this model, the status of β as the slope of the deterministic trend is the same under the null hypothesis of unit root H 0 : ρ = 1 and its alternative H a : ρ b 1. 3 The estimate of ω u 2 is ω̂u 2 = γ̂0
are the OLS residuals of regression (3). We use the quadratic spectral kernel h(.) with the Newey and West (1994) automatic bandwidth selection to choose the lag parameter l.
where c α/2 is the appropriate critical value from the normal distribution.
An additional statistic is provided for the near-unit root case, when ρ is close to one. In this case, z λ remains consistent but doesn't follow a normal limiting distribution which results in a noticeable loss in power. HLT (2007) propose the modified z 1 statistic z 1 mδ ≡ γ ξ,δ R δ z 1 with δ N 0 and the rescaling parameters 4 γ ξ,δ and R δ allowing the critical value of the test to coincide with a standard normal variate. Cases of interest are proven to correspond to δ = 1 or 2. The modified z λ mδ is:
Empirical implementation

Data
For each country, energy intensity level is computed as the amount of energy consumed per unit of GDP. The amount of energy is given in tonnes of oil equivalent (1 toe = 42 GJ) and drawn from the World Development Indicators (World Bank, 2007) . Data on per capita GDP are given in dollars from 2000 and drawn from the Penn World Tables  (Heston et (British Petroleum, 2008) . The amount of oil is given in barrels per day. It is multiplied by 365 and then divided by GDP. Energy and oil intensities are plotted in Figs. 1-4. We argue that no clear pattern emerges from these graphs thus making the use of more formal treatment necessary.
Presence of a deterministic trend
We first examine the presence of a deterministic trend in energy intensities for OECD countries. Results are presented in Table 1 . 10 OECD countries out of 25 exhibit a significant deterministic trend at the 0.05 level. 5 The slope of the deterministic trend (last column of the 
The values of the coefficient γ ξ,δ are given in HLT (2007), Table 1 , p. 1312, for δ = 1 and δ = 2. 5 The result is confirmed with the Z λ m1 and the Z λ m2 except for Australia and Poland. underwent a process of income catch-up during the time period considered, which could partially explain their positive trend in energy intensities. For Iceland and Spain, the hypothesis of an insignificant trend is rejected at the 0.10 level. Our results thus confirm that at a 0.05 confidence level, the assumption of an insignificant linear trend cannot be rejected for 15 countries out of 25. This is in sharp contrast with the common perception of a decreasing energy intensity, in particular for developed economies. Tests for a unit root show that in almost every case the unit root null hypothesis cannot be rejected. There are few exceptions however. We reject the insignificant trend for Portugal and Iceland and reject the unit root hypothesis with the ADF and the ADF-GLS tests with a trend. Iceland and Portugal appear to be the only trend stationary series and Switzerland is stationary around a constant. The interest of the method used in this study is highlighted when considering, for instance, the case of Spain in Table 1 . The reported ADF c statistic leads to reject the unit root hypothesis. A proper modeling of the trend indicates through Z λ that a trend is present and has to be taken into account for gauging the existence of a unit root. This is thus the ADF τ statistic which has to be considered and this statistic indicates that the null unit root hypothesis cannot be rejected. The result is then reversed compared with the case where the trend is not properly modelled. We then consider a panel of 73 non-OECD countries. Results are provided in Tables 2 and 3 . Again, the hypothesis of an insignificant trend is rejected at the 0.05 level for only 23 countries out of 73. The deterministic trend has a negative slope for 16 countries and a positive one for 7 countries. Only 3 countries (Peru, Oman and Net. Antilles) are trend stationary, while 15 are stationary around a constant. Taken as a whole, these results show that, anyway, a decreasing energy intensity cannot be taken as granted.
To complete our analysis, we now consider the trend behavior of oil intensity series. The number of countries is reduced compared with the energy intensity case. Two OECD countries are missing (Belgium and Luxembourg) while 33 countries out of 73 are missing for non-OECD countries. Our findings, presented in Tables 4 and 5 , on these reduced panels conclude to qualitatively similar results. For OECD countries, 7 countries out of 23 exhibit a significant deterministic (negative) trend. Again, for the major part of OECD countries, oil intensity has a stochastic trend. This is also the case for 29 non-OECD countries out of 40. Then, considering the full sample of OECD and non-OECD countries, unit root tests indicate the rejection of the unit root hypothesis only in 4 cases out of 63.
Conclusion and some remarks
In many papers, as in public opinion, the hypothesis of decreasing energy intensity is largely purported. In the present work, we argue that this assumption is often an act of faith. We use a formal test to show that, for a large majority of OECD and non-OECD countries, the hypothesis of an insignificant deterministic trend cannot be rejected. In many cases, it thus appears that energy as well as oil intensities are better modelled by a stochastic trend than a negative or a positive deterministic trend.
As noted in Section 1, we do not focus on the factors causing differences in terms of energy intensity (level or trend). Our aim is rather to investigate the presence of a trend, if any, with a robust method allowing for a unit root in the DGP. Nevertheless, it may be tempting to interpret our results with respect to economic developments factors. An example would be to link the positive trend in energy intensity for some OECD countries (Greece, Portugal, and Spain) and third world countries to an economic catch-up process. Without further analysis, this conclusion may be spurious. Indeed, the relationship between growth and energy consumption is quite intricate. A recent paper by Payne (forthcoming) 6 provides some elements on this topic. The author identifies four different theories aiming at explaining how growth and energy consumption may be related. In the "neutrality hypothesis" as well as in the "feedback hypothesis" and the "conservation hypothesis", growth may very well occur together with a decreasing energy intensity or at least a constant energy intensity. This contrasts with the "growth hypothesis" where "energy consumption serves a vital role in economic growth" (Apergis and Payne, 2009 p. 642). The absence of a deterministic trend have some statistical consequences in terms of modeling. Forecasting (see Clements and Hendry, 2001 ) is also affected which could be the object of a future research. Another potential extension of the present work would be to examine the trend hypothesis at the sectoral level. Such an analysis, similar in spirit to the recent analysis of Sue Wing and Eckaus (2007) of the decline in the US energy intensity through sectoral decomposition would allow identifying the sector where trends are significantly decreasing. 
